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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a solid activated carbon large in 
specific 

surface area and low in specific resistance by mixing a prescribed 
quantity of 

an acicular and/or flake electric conductive agent with active carbon 
and a 

resin based binder, molding and heat treating the mixture in a non- 
oxidising 
atmosphere . 

SOLUTION: (A) The active carbon powder and/or an activated carbon 
fiber, (B) 

a prescribed quantity of the acicular and/or flake electric 
conductive agent 

(e.g. acicular tungsten) and (C) the binder composed of a 
thermosetting resin 

or a thermoplastic resin are mixed. ' Next, the mixture is molded and 
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treated in the non- oxidizing atmosphere to produce a solid activated 
carbon . o 
As a result, the solid activated carbon containing 0.5-20wt.< 
acicular and/or 

flake electric conductive agent and having 

lktimes;10<SP>-2</SP>-9&times ; 10<SP>-5</SP>&Omega ; cm specific 
resistance is 

obtained. A high performance electric double layer capacitor high m 
capacitance and low in internal resistance is produced by using the 
resultant 

activated carbon to form electrodes 1, 1 for the electric double 
layer 

capacitor and arranging an electrolyte 2 between the electrodes 1, 1. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the rise of 'this translation - 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s fo_ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric double layer capacitor using this further about the solid-like 

activated carbon which can be widely used as common activated carbon, and its manufacture approach. 

[0002] 

[Description of the Prior Art] An electric double layer capacitor arranges an electrolyte 2 between the electrode 1 which 
consists of two solid-like activated carbon, and 1, as shown in drawing 1 , it is a capacitor using the electric double layer 
produced in both interface, and solid-like activated carbon is used as the above-mentioned electrode 1 . Moreover, _ 
although solid-like activated carbon is used for the electrode member and the various applications of a cell in addition to 
this, the manufacture approach of these solid-like activated carbon is as follows. 

[0003] ** The kneading object of activated carbon, carbon black fines-like carbon or conductive carbon, and PTFE, 
tetrafluoro ethylene resin or fluorine polymer resin was fabricated with the means which combined roll forming, 
compression, extrusion, rolling, extension, or these in the shape of a sheet, and solid-like activated carbon has been 
obtained (refer to JP,62-200715,A, No. 17311 [ 63 to ], No. 107011 [ 63 to ], J?,5-121269,A, and aNo. 283287 [ five 
to ] official report). 

[0004] ** After mixing tetrafluoroethylene resin and a solvent with the activated carbon and the conductive carbon 
which covered acrylic resin, polyamide resin, polycarbonate resin, etc. as a binder and kneading with 3 rolls, it fabricated 
in the shape of a sheet, and solid-like activated carbon has been obtained (refer to JP,2-82507,A), 

[0005] ** Pressure sintering of an activated carbon particle or a carbon particle, carbon fiber or activated carbon powder, 
and the meso carbon was mixed and carried out, and solid-state carbon has been obtained (refer to JP,3-132009,A and a 
No. 201516 [ three to ] official report). 

[0006] ** Solid-like activated carbon-carbon complex has been obtained by carrying out injection molding of activated 

carbon powder and the mixture of powdered phenol resin, and heat-treating them (refer to JP,6-45 1 89,A-)- 

[0007] ** Paper making of pulp, a dispersant, aromatic polyimide resin fiber, or Pori Flon is added and carried out to 

two sorts in activated carbon fiber, pulp fiber or a carbon fiber, fibrous activated carbon, and impalpable powder 

activated carbon (refer to JP,64-961 1,A, JP,6-61093,A, and aNo. 129157 [ five to ] official report). 

[0008] ** The prepreg sheet which uses activated carbon powder, cellulose fiber, and phenol resin as a principal 

component is produced and calcinated [ stuck by pressure, hardened and ] (refer to IP,5-121271,A). 

[0009] ** With activated carbon powder, the mixture made to dissolve powdered phenol resin in an organic solvent was 

fonned on Hie substrate, and solid-like activated carbon has been obtained granular or by heat-treating in a non-oxidizing 

atmosphere after heat curing (refer to JP,4-288361^A). 

[0010] ** The spheroidal carbide and thermal reaction mold spherical phenol resin which carbonized and obtained 
hardening mold spherical phenol resin are mixed, metal mold is filled up, heat hardening is carried out under 
pressurization, and after heat-treating by the inert atmosphere, there is the approach of carrying out activation (refer to 
JP,6-69 075 5 A, No. 69076 [ six to ], and 6 No. -69077 official report). 

[001 1] As mentioned above, there were what is depended on the prepreg method which used what kneaded with resin, 
such as ethylene tetrafluoride, and was fabricated as conventional solid-like activated carbon (****), the thing (**) 
which carried out pressure sintering of the fine particles, the thing (**) which kneaded with resin and carried out 
injection molding, and which carried out the postheat treatment, paper making, etc., sticking by pressure, and heat curing 
(****), a thing (**) to a substrate which carries out a membrane formation postheat treatment and a thing (**) which 
carries out hot pressing 
[0012] 
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fProblem(s) to be Solved by the Invention] Although making electrostatic capacity per unit weight high, and making 
internal resistance low is called for when using the above-mentioned solid-like activated carbon for the polarizable 
electrode of an electric double layer capacitor, these both were not satisfied to the conventional activated carbon 
substrate. 

[001 3] That is, since specific surface area is large, when activated carbon had much pores, and they are used for the 
electrode of an electric double layer capacitor, it can make [ many ] the charge of the electric double layer produced in 
an interface with an electrolyte, and can raise electrostatic capacity. However, specific resistance was not able to make 
specific resistance low while it tends to become high and made electrostatic capacity high, so that pore was made 
[ many ], in order to make electrostatic capacity high. 

[0014] And when the high activated carbon of specific resistance was used for the electrode of an electric double layer 
capacitor, in order to make internal resistance low, the electrode had to be enlarged, and there was a problem that an 
electric double layer capacitor could not be miniaturized. 
[0015] 

[Means for Solving the Problem] Then, this invention is characterized by needlelike and/or having contained the piece of 
phosphorus-like electric conduction agent 0.5 to 20% of the weight, and constituting solid-like activated carbon. 
[0016] Moreover, this invention is characterized by making specific resistance of the above-mentioned solid-like 
activated carbon into the range of 1x10-2 - 9x10-5 ohm-cm. 

[0017] That is, this invention makes internal resistance low needlelike to solid-like activated carbon, and/or by making a 
piece of phosphorus-like electric conduction agent contain. However, if activated carbon is made to contain electric 
conduction agents, such as a metal, generally, the description of the activated carbon itself that specific surface area is 
large will be lost, and there is an inclination for the electrostatic capacity at the time of using as an electric double layer 
capacitor to become low. Then, this invention found out that both low resistance was [ the electric conduction agent 
made to contain ] satisfying with electrostatic capacity high from the ability to make resistance low with a small content 
needlelike by considering as the shape of a piece of phosphorus. 

[0018] the above - it is because the electrostatic capacity at the time of the specific surface area of activated carbon 
becoming small, and using as an electric double layer capacitor, when the effectiveness that having made the content of a 
piece of phosphorus-like electric conduction agent into 0.5 - 20 % of the weight falls resistance at less than 0.5 % of the 
weight was scarce and exceeded 20 % of the weight becomes low needlelike. 

[0019] In addition, as the above-mentioned electric conduction agent, although metals, such as a tungsten, molybdenum, 
and iron, or a carbon fiber is used, as long as resistance is lower than activated carbon (specific resistance 6x10-2 ohm- 
cm), what kind of ingredient may be used. 

[0020] In addition, in this invention, it is the thing of long and slender configurations, such as the shape of a needle, and 
fibrous, as it is needlelike, and the shape of apiece of phosphorus is sheet metal-like. In any case, the aspect ratio (= 
major axis / minor axis) of a major axis and a minor axis is within the. limits of 2-80, and a major axis uses the thing in 
within the limits which is 1-40 micrometers. Moreover, the aspect ratio in the case of-like [ piece of phosphorus ] makes 
thickness a minor axis, and makes the longest diameter a major axis. 

[0021] Since it is such a configuration where apiece of phosphorus-like electric conduction agent is long and slender 
needlelike, the electric conduction effectiveness can be made high by small weight. Therefore, resistance can be made 
low, lessening the content to activated carbon and maintaining the description of the activated carbon itself that specific 
surface area is large. 

[0022] Moreover, when larger [ than 1x10-2 ohm-cm ] and resistance used for the electrode of an electric double layer 
capacitor, and internal resistance will be too large and tended to make it smaller than 9x10-5 ohm-cm on the other hand, 
the specific resistance of the solid-like activated carbon of this invention was limited to the range of 1x10-2 - 9x10-5 
ahm-cm, because electrostatic capacity became low. 

[0023] Furthermore, with activated carbon powder and/or activated carbon fiber, apiece of phosphorus-like electric 
conduction agent and binders, such as thermosetting resin and thermoplastics, are .mixed, the obtained mixture is 
fabricated, and this invention is characterized by needlelike and/or manufacturing solid-like activated carbon from the 
process heat-treated under a non-oxidizing atmosphere. 

[0024] If the manufacture approach of this invention is explained to a detail, first, to activated carbon powder and/or 
activated carbon fiber, a piece of phosphorus-like electric conduction agent is added, and after fabricating further the 
mixture mixed and obtained considering thermosetting resin and/or a coal tar, and thermoplastics as a binder, it will 
consist of needlelike and/or a process which heat-treats under a non-oxidizing atmosphere, carbonizes the above- 
mentioned thermosetting resin and/or a coal tar, and obtains solid-like activated carbon, so that it may become 0.5 - 20% 
of the weight of a content. 
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[•0025] In addition, the solid-like activated carbon of this invention is fabricated in the shape of a sheet, and it can 
consider as an activated carbon substrate, can fabricate by press forming etc. in the shape of a block, or can consider as 
tire shape of a rod, or tubed by extrusion molding, or it can be made into various configurations. 

[0026] Moreover, what is necessary is to be able to use a doctor blade method, a reduction roll method, the calendering 
roll method, etc., to stiffen thermosetting resin and/or a coal tar and just to heat-treat 600-1 100 degrees C at 700-900 
degrees C suitably under a non-oxidizing atmosphere as an approach of fabricating in the shape of a sheet, while 
carrying out a debinder at 200-500 degrees C under a non-oxidizing quality ambient atmosphere, after piercing the 
acquired sheet-like Plastic solid in a predetermined configuration. 

[0027] Furthermore, after this invention carries out two or more laminatings of the above-mentioned sheet-like Plastic 
solid, it can also be heat-treated under a non-oxidizing atmosphere. That is, although the thickness which can be suitably 
fabricated by the sheet forming method by the doctor blade method or the calendering roll method is to about 1mm, the 
product of the thickness exceeding 1mm can also be easily manufactured by carrying out the laminating of the acquired 
sheet-like Plastic solid, and joining with thermocompression bonding or adhesion liquid, adhesives, etc. 
[0028] moreover, the mixing ratio of the formed element which consists of the above-mentioned activated carbon 
powder and/or activated carbon fiber, a needlelike metal, and/or a piece of phosphorus-like metal, and the binder which 
consists of thermosetting resin and/or a coal tar — a rate makes a formed element and makes a binder 5 - 50% of the 
weight of the range 50 to 95% of the weight. Here, final solid-like activated carbon will consist of complex of 50% of 
the weight or more of an active charcoal child and a metal powder, and 50 or less % of the weight of the carbon that 
combines these from the above-mentioned thermosetting resin and/or a coal tar being carbonized by heat treatment. 
Electrostatic capacity can be enlarged, since the ratio of activated carbon can be made high at this time, for example, 
when it uses as an electrode of an electric double layer capacitor. 

[0029] In addition, as thermosetting resin, resolmold phenol resin, a phenol, formaldehyde system resin, polyimide 
resin, unsaturated polyester, BISUMA RAID system polyimide resin, cyanate resin, heat-curing mold polyphenylene 
ether (PPE), polyphenylene oxide (PPO), etc. are used. 

[0030] Furthermore, this invention is characterized by carrying out addition mixing of the thermoplastics in addition to 
the above-mentioned component. That is, even if it makes the ratio of activated carbon high with 50 % of the weight or 
more, firmness at the time of shaping is made high, and it enabled it to fabricate good by adding thermoplastics. 
[0031] In addition, as the above-mentioned thermoplastics, apolyolefine system polymer, acrylic resin, butyral resin, 
polyacetal resin, polyethylene phthalate (PBO), a POPJRURO pyrene (PP), a polycarbonate (PC), polyethylene (PE), 
polystyrene, etc. are used, these thermoplastics - the total quantity 100 weight section of activated carbon, thermosetting 
resin, and/or a coal tar — receiving —0-60 weight section - it adds in the range of 5 - 30 weight section preferably. 
[0032] Moreover, this invention is characterized by having used the above-mentioned solid-like activated carbon for the 
electrode, and constituting the object for electric double layer capacitors. 
[0033] • 
[Example] 

Phenol formaldehyde resin (Kanebo bell pearl S890) and the needlelike (fibrous) metal which consists of a tungsten (W), 
molybdenum (Mo), and iron (Fe) were prepared at a rate shown in Table 1 as example 1 phenol system activated carbon 
powder (specific surface area of 1700m 2 / g by the BET adsorption method), and thermosetting resin. In addition, by 
0.05-0.15 micrometers, the major axis used [ the aspect ratio ] 3-12 micrometers, and, as for the needlelike metal, the 
minor axis used the thing of 60-80. To these 100 weight sections, the powdered butyral resin 30 weight section was 
added as thermoplastics, theD.B.P25 weight section was added as a plasticizer, it mixed for 20 minutes at rotational 
frequency 2000rpm and the temperature of 130 degrees C using the high-speed mixer, and the granulation was 
performed. The obtained granularity raw material was fabricated with the calendering roll making machine, and the 
sheet-like Plastic solid with a thickness of 1mm was acquired. 

[0034] After cutting the acquired sheet-like Plastic solid in dimension of 50x70mm and performing the debinder of 
hardening of DENORU resin, and thermoplastics in 400 degree-Cx 2 hours, the vacuum furnace performed 800-degree 
C heat treatment, phenol resin was carbonized, and the activated carbon substrate which is the complex of activated 
carbon, a needlelike metal, and carbon was produced. 

[0035] The result of having measured the electrostatic capacity and interna] resistance when using as an electrode 1 of 
the simple double layer capacitor which shows the obtained activated carbon substrate to drawing 1 is shown in Tables 1 
and 2. 

[0036] Internal resistance was high what does not contain a needlelike metal (1 No. 12), and electrostatic capacity was as 
lower as less than 1 8 F/g than this result in that (1 1 No. 22) whose conLent of a needlelike metal is 25 % of the weight, 
[0037] In this invention example (No. 7~\ 0, 12-20) which made the necdlcjikeirieial contain in 0.5 - 20% of the u eight 
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of the range to these, it turned out that specific resistance becomes within the limits of 1x10-2 - 9x1 0-6ohni and cm, and 
internal resistance can be made low, with the electrostatic capacity of IS or more F/g maintained for which an electric 
double layer capacitor is asked. 

[003 8] In addition, since it was the almost same result as the example (Table 1) of a tungsten, the result when the 
specific resistance of 5.65x1 0-6 ohm-cm and molybdenum is 9.71x1 0-6 ohm-cm and the specific resistance of a tungsten 
which makes the above-mentioned needlelike metal makes molybdenum, as for tire specific resistance of 5.2x1 0-6ohm 
and cm, and iron, contain [ specific resistance ] was omitted. 
[0039] 

Table 1] 



N o 


JE*HS£Jt (11%) 


CQ en) 


CO) 


AMES* 

CF/g) 




J*)-* mm 




* 1 


90 


10 


0 


exio- 2 


0. 50 


60 


2 


90 


9.5 


0.5 


lx]0" 2 


0.04 


58 


3 


90 


8. 0 


2. 0 


BX10" 8 


0. 06 


57 


4 


85 


10 


5 


6x]0~ s 


0. 10 


55 


5 


80 


15 


5 


4xi0" a 


o.u 


50 


6 


75 


20 


5 


2X10" B 


0. 18 


45 


7 


70 


25 


5 


1X10- 3 


0. 20 


40 


8 


65 


25 


10 


7X10 - * 


0. 25 


30 


9 


60 


25 


15 


3X10"' 


0.29 


25 


ID 


55 


25 


20 


7X10" 5 


0.34 


20 


*11 


50 


25 


25 


2X10-' 


■ 0.40 


15 



[0040] 
[Table 2] 
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CQ cm) 


CC2) 


CP/g) 










90 


10 




fix 10 -i 


0. 50 


60 




90 


9. 5 




5X 10 _z 


0. 05 


57 




90 


8. 0 


2 0 


4xl0" s 


0. 08 


55 


15 


85 


10 




2x 10" J 


0. 12 


53 


16 


80 


15 




8X10" S 


0. 16 


48 




75 


20 


5 




0. 20 


43 


IB 


70 


25 


5 


2X 10" 9 


0. 22 


38 






25 


10 


8x 10 -4 


0. 27 


28 


20 


BO 


25 


15 


5x10"' 


0. 31 


23 


21 


55 


25 


20 


9X10- 5 


0.36 


18 


* 22 


50 ■ 


25 


25 


4X10- { 


• 0.42 


13 



[004 1 ] 40ton press-forming machine is used for the granularity raw material obtained in the example 2 example 1 , and it 
is compacting pressure 1,0 ton/cm2. Dust pressing was performed and the 50x70xlmm Plastic solid was acquired. 
[0042] After performing heat curing and the debinder of phenol resin for the acquired sheet-like Plastic solid in 400 
degree-Cx 2 hours, the vacuum furnace performed 800-degree C heat treatment, phenol resin was carbonized and the 
activated carbon substrate which is the complex of activated carbon, a needlelike metal, and carbon was produced. 
[0043] The electrostatic capacity and internal resistance when using as an electrode 1 of the simple double layer 
capacitor which shows the obtained activated carbon substrate to drawing 1 were measured. A result is as being shown it 
Tables 3 and 4. 

[0044] Internal resistance was high what does not contain a needlelike metal (23 No. 34), and electrostatic capacity was 
as lower as less than 18 F/g than this result in. that (33 No. 44) by which the content of a needlelike metal exceeds 20 % 
of the weight. 

[0045] In this invention example (No.24-32, 35-43) which made the needlelike metal contain in 0.5 - 20% of the weight 
of the range to these, it turned out that specific resistance becomes within the limits of 1x10-2 - 9xl0-6ohm and cm, and 
internal resistance can be made low, with the electrostatic capacity of 1 8 or more F/g maintained for which an electric 
double layer capacitor is asked. 

[0046] In addition, since it was the almost same result as the example (Table 3) of a tungsten, the result at the time of 
making molybdenum contain like an example 1 was omitted. 
[0047] 
[Table 3] 
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(£2 cm) 


CQ) 


CP/8) 










90 


10 


0 


6xl0 -2 


0, 50 


56 


24 


90 


9. 5 


0, 5 


2X 10 _I 


0. 06 


54 


25 


90 




2 0 


BX10- 3 


0.08 


53 


26 


85 


10 




6xl0" 3 


0. 10 


52 


27 


80 


15 




5X10"' 


0. 14 


50 


28 


75 


20 


5 


3xl0" a 


0. 18 


45 




70 


25 


5 


1X10~ B 


0. 20 


40 




65 


25 


10 


7x10"* 


0. 25 


30 


31 


60 


25 


15 


4X10- 4 


0. 29 


25 


32 


55 


25 


20 


8X10" 5 


0.34 


20 


*33 


50 


25 


25 


SXIO- 


■ 0.40 


15 



[0048] 
[Table 4] 
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N o 




(£2 cm) 


(£2) 


CP/E) 




7*;-* mm 


(&) 


* 34 


90 


10 


0 


6X 10 -1 


0. 50 


56 




90 


9. 5 


0. 5 


5X 10~* 


0. 08 


55 


36 


90 


B, 0 




4 x 10 _a 


0. 10 


54 


37 


85 


10 


5 


2x10^ 


0. 12. 


53 


38 


80 


15 


5 


8X10" 3 


0. 16 


48 


39 


75 


20 


5 


4x 10"" 


0. 20 


43 


40 


70 


25 


5 


2X10~ S 


0, 22 


38 






25 


10 


gx 10~ 4 


0. 27 


28 


42 


60 


25 


15 


4x10-* 


0.31 


23 


43 


55 


25 


20 


8X10" 5 


0.36 


18 


*44 


50 


25 


25 


4X10" S 


0.42 


13 



[0049] In addition, although the above example showed the example which made the needlelike metal contain, it was 
also the same as when a piece of phosphorus-like metal is made to contain. 

[0050] Moreover, the solid-like activated carbon of this invention can do ** made not only into a substrate but into 

various configurations, and can be used for various applications. 

[0051] 

[Effect of the Invention] According to this invention, specific resistance can be made small as mentioned above by 
having contained the piece of phosphorus-like electric conduction agent 0.5 to 20% of the weight, and having constituted 
solid-like activated carbon, with [ needlelike and/or ] the description of the activated carbon that specific surface area is 
large maintained. 

[0052] Therefore, if the electrode of an electric double layer capacitor is formed using this activated carbon, electrostatic 
capacity is high and the electric double layer capacitor of high performance with low internal resistance can be obtained. 
Moreover, since internal resistance is low, it is possible to make an electrode small, and an electric double layer 
capacitor can be miniaturized. 

[0053] Moreover, according to this invention, with activated carbon powder and/or activated carbon fiber, after mixing a 
piece of phosphorus-like electric conduction agent, and a binder and fabricating the obtained mixture, activated carbon 
with a high specific surface area can be easily manufactured needlelike and/or by manufacturing solid-like activated 
carbon from the process heat-treated under a non-oxidizing atmosphere. 



[Translation done.] 
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